The influence rule of fuel injection strategy on regeneration performance of catalytic particle filter (CPF) will be studied in this paper, through using system dynamics, GT-POWER and AVL FIRE to build and match respectively the onedimensional complete machine model of D19 high pressure common rail diesel engine of variable geometry turbocharger (VGT) and the three-dimensional simulation model of CPF, which are based upon the 50% load working condition with 3000r/min. The study shows that with the delay of main injection timing, the regeneration rate of CPF gradually increase, simultaneously, residual volume of particulate matter (PM), pressure drop and NO 2 of CPF at exit end decrease. At the earlier main injection timing, with increasing exhaust gas recirculation (EGR) rate, regeneration rate of CPF is decreasing and residual volume of PM is increasing dramatically. At the later main injection timing, with increasing EGR rate, PM residual volume shows trend of rise then descend. Adoption of post injection benefits for regeneration of CPF, with delay of post injection timing, pressure drop and PM residual volume of CPF both show trend of rise then descend, the post injection timing corresponding with the best efficiency of CPF regeneration will be forward lead with increasing of EGR rate. Appropriately enhancing amount of post injection will benefit for regeneration of CPF. And, the negative effect of CPF regeneration will be increased when using post injection and later timing to rise EGR rate.
INTRODUCTION
The diesel engine is widely used because of its advantages such as high power, power performance and economy. Diesel particulate filter (DPF) is one of the most effective post-treatment purification devices for diesel particulate matter, and its regeneration technology is an important problem to be solved urgently [1] [2] .In most working conditions, diesel vehicles cannot rely on their own exhaust temperature to regenerate DPF directly, and catalytic regeneration technology is an effective measure to achieve continuous regeneration [3] [4] .The catalytic particle filter (CPF) has two functions: particle filter and catalytic regeneration by coating the catalyst inside of filter. The CPF, simple in structure and less dependent on regenerative heat source, has a great advantage in the application of diesel cars and light commercial vehicles [5] [6] .
Exhaust gas recycling (EGR) is one of the most effective measures to reduce NOx. Using the technical strategy which combining EGR to control NOx with CPF to control PM has great potential for ultra-low emission of diesel engines. CPF can use NO2 to oxidize smoke filtration deposition of carbon (Soot). But if the generated NO2 too much or incomplete reaction, that can lead to NO2 in exhaust emissions substantially increase [7] [8] .The study found that the fuel injection strategy (the main injection timing and the post-injection strategy) has a great influence on the combustion process and exhaust characteristics of the diesel engine [9] [10] , which in turn affects the regeneration performance of CPF closely. Based on the technical route of EGR combined with CPF, the comprehensive effect of fuel injection strategy and EGR rate will further affect the regeneration performance of CPF. Therefore, it is a great significance to study the influence rule of injection strategy and EGR rate on the regeneration characteristics of diesel engine CPF.
In this paper, based on the numerical simulation technology, the thermodynamic complete machine model of D19 high pressure common rail diesel engine of variable geometry turbocharger (VGT) by using GT-power, author studied different influence rules of exhaust characteristics under different fuel injection strategy. Meanwhile, building a three-dimensional model of CPF by using AVL FIRE, with coupling detailed regeneration mechanism of Soot, and putting a one-dimensional simulation of exhaust parameters as the boundary conditions of three-dimensional simulation, author studied the influence rule of diesel engine fuel injection strategy for process of CPF regeneration, and analyzed NO2 emission characteristics at the exit of CPF. That provide the theoretical and engineering guidance of CPF regeneration optimized controlling under the condition of combination of inside and outside for modern diesel engine.
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THE CONSTRUCTION AND VERIFICATION OF MODEL The Selection and Construction of Model
Based on the actual structural parameters of the engine (Table 1 ) and the layout of bench, a one-dimensional thermodynamic simulation model [ Figure 1 ] has been built by GT-power 7.4. The TurbineMap VGT module is used to construct a single variable geometry turbocharged model [11] . The different VGT opening is put into Rack array （usually containing 5-8 data）, and the corresponding MAP discrete data is put into the MAP Object. The working process of intake and exhaust system is solved by one-dimensional unsteady flow mathematical model. Fuel injector model uses realizable and predictable strategy of multiple injections which relies on the fuel injection module of InjMultiProfileConn includes pilot injection, man injection and post injection, in order to provide the accurate calibration of condition for combustion model which uses quasi dimensional combustion model (Hiroyasu) and oil droplet evaporation model (DIJet). In software, predicting the generation of NOx by extended Zeldovich mechanism, heat transfer model of Woschni-GT and friction loss pressure model of Chen-Flynn is adopted. The model establishes the high and low pressure EGR cycle system. The high pressure EGR takes the exhaust gas directly from high pressure exhaust end before the turbine through the EGR intercooler into the rear side of the electronic controlled throttle. The low pressure EGR usually mixes exhaust gas with fresh air fully before importing compressor, then compresses them into the inlet pipe by compressor [12] [13] .Low pressure EGR is used in the simulation calculation in rest of this paper. The formula of EGR rate is shown in formula: EGR%=EGRmass-flow/ (EGRmass-flow+AIRmass-flow)*100% Figure 2 is a CPF three-dimensional simulation model constructed by AVL FIRE according to the actual CPF physical property parameters ( Table 2) . Space grid was divided according to the model including a total of 253884 computing grid which are hexahedral grid for high precision. In order to make the model as accurately as possible the real object, the filter body, inlet, outlet and junction surface are defined as well. Under normal exhaust temperature of diesel engine, O2 is difficult to oxidize Soot. However, when catalyst Pt is coated at the surface of CPF filter body, NO is oxidized to NO2 under the effect of Pt, NO2 further oxidizes the exhaust Soot under the condition of low temperature. In this paper, the 277 regenerative mode of CPF is mainly continuous passive regeneration. Based on the user-defined module of AVL FIRE, the author compiles the detailed regeneration mechanism in reference [14] .The mechanism involves multistep reactions which contain Soot and O2, NO2, NO and NO + O2, and also contains the Soot oxidation process of intermediate product. Specific related reactions are as follows:
Comparing with Soot regeneration mechanism build-in AVL FIRE, the results show that the detailed mechanism has the advantages of more detailed and has higher predictable accuracy. Therefore, adopting the Soot detailed regeneration mechanism can more accurately simulate and forecast the regeneration rule of Soot in the CPF diesel engine. 
The Verification of Model
It provides reliable verified data for the accurate calibration of the simulation model based upon the engine bench test which contains the engine speed (1600-4000rpm, including A, B, C revolution) and 100% load working-condition. Figure 3 is the comparison of test value and simulated value of the torque and inlet flow rate at 1600 ~ 4000 rpm and 100% loading. Figure 4 shows the comparison of test values and simulated values of in-cylinder pressure and instantaneous heat release rate at simulated operating point (3000 rpm, 50% loading). According to figure 3 and figure 4, it shows that simulated value of engine torque and inlet flow are highly coincident with test value under different speed of rotation, and simulated value of in-cylinder pressure and instantaneous heat release rate are relatively consistent as well. Figure 5 is the comparison of test value and simulated value of torque, fuel consumption ratio, NOx and exhaust temperature in terms of 3000 rpm with different loadings. From the figure, it can be found that error of simulated and test value of torque, fuel consumption ratio and NOx emission is small, and the exhaust temperature of the simulated values are consistent with test values. Therefore, the calculation results of the one-dimensional thermodynamic simulation model constructed in this paper are accurate and can meet the simulation requirements of the real engine working process. The physical parameters of the 3D CPF model constructed in this paper are completely consistent with the reference's [15] . Therefore, the CPF model and its detailed regeneration mechanism coupling with Soot are verified by the experimental data in this reference under circumstances of 0.236 kg/s inlet gas massflow, 400K initial temperature and 0 kg/m3 initial carbon load. Figure 6 is a comparison of simulated results of the CPF 3D model and the experimental results of the reference. It shows that CPF pressure drop growth become faster at the beginning of the Soot loading because of the Soot deposition mainly at surface of CPF porous filter. Over time, the CPF pressure drop growth become slower with smaller gradient because of the primary Soot deposition on the carbon cake layer. In addition, the simulated calculation value of CPF pressure drop is slightly higher than experimental value. When the cumulative quantity is large, the simulated value and the experimental value are different, but the change trend of two values is generally consistent. Therefore, the 3D CFD simulation model can be used to predict the real CPF regeneration process.
THE ANALYSIS OF RESULTS
In this paper, the engine exhaust parameters is calculated by one-dimensional as boundary conditions of CPF calculation, under the conditions which include 3000 rpm, 50% load working-conditions, 0.81 bar inlet pressure (corresponding to the altitude of 2 km at atmospheric pressure), the original machine injection pressure (130 MPa), single cylinder main injection circulating fuel quantity (32 mg/cycle) and CPF initial load PM mass-concentration of 6 g/L.
The Influence of Coupling EGR Rate for the Regeneration Performance of CPF at the Main Injection Timing
In One-dimensional simulation, the influence of main injection timing coupling EGR rate on CPF regeneration performance and final NO2 emissions are simulated by putting exhaust parameters into 3D CPF model as boundary conditions as follow: EGR rate is 0, 15%, 25% and 15% respectively, the main injection timing delays from -22.6° to 1.4° CA ATDC with interval as 4°. The calculation results are shown in figure 7, 8 . Figure 7 is the effect of main injection timing on the regeneration rate of CPF under different EGR rates. It can be seen from the figure that, when the main injection timing is relatively early, the influence of main injection timing on CPF regeneration rate is small, and the regeneration rate of CPF decreases with the increase of EGR rate. With main injection timing is delay and relatively later, the CPF regeneration rate increases and its' time of peak is delayed. When the rate of EGR is high, the peak of CPF regeneration rate increases. It will lead to rapidly increase of the filter body temperature in the process of CPF regeneration, and then enhance the thermal load to affect the life of the filter body, when peak of regeneration rate is too high. Figure 8 is the influence of the main injection timing coupling EGR rate on the regeneration performance of CPF and NO2 emission. As can be seen from fig.8 (a) and (b), the residual PM of CPF are reduced with delay of the main injection timing. With the increase of EGR rate, CPF residual PM increased, exhaust flow decreased, and CPF pressure drop decreased. When the main injection timing is relatively early, the residual PM of CPF is totally higher and the influence of the main injection timing is smaller. At this stage, the EGR rate increases, the particles increase rapidly, and the adverse effect on CPF regeneration is the most. When the main injection timing is relatively later, the residual PM and pressure drop of CPF decreases rapidly with the main injection is delayed, and the residual PM of CPF is relatively lower and the effect of EGR on CPF regeneration is smaller. When the EGR rate is lower, the CPF pressure drop will increase slightly then decrease with delay of the main injection timing. After that, with the increase of the EGR rate, CPF pressure drop decreases with the delay of the main injection timing. Figure 8 (c) and (d) are the effects of the main injection timing coupling EGR rate on NO2 emission. It can be seen from the figure that the influence of main injection timing and EGR rate on NO2 emission in CPF is consistent with incylinder NOx. The NO2/NOx in CPF decreased gradually with the delay of the main injection timing and the increase of EGR rate. It indicates that the reduction effect of the delay of main injection timing and the increase of EGR rate on NO2 is greater than NO. 
The Influence of EGR Rate on Regeneration Performance of CPF at Different Post Injection Timing
On the basis of section 3.2, fig.11 and 12 shows that the effect of changing EGR rate (0%, 15%, and 25%) on the regeneration performance of CPF at different post injection timing. Figure 11 is the effect of EGR rate on the regeneration rate of CPF at the time of single injection and 22° CA ATDC of post injection. It can be seen from the figure that, at single injection, with the increase of EGR rate, the peak of regeneration rate is delayed, but the overall change of regeneration rate is relatively small. At 22° CA ATDC of post injection, with the increase of EGR rate, the CPF regeneration rate reduces, the peak of regeneration rate is delayed. The effect of EGR rate on the regeneration performance of CPF is greater if using post injection with later timing. Figure 12 is the effect of EGR rate on the residual PM, pressure drop and NO2 emission of CPF in different post injection timing. In figure 12 (a), with increase of EGR rate, the post injection timing of the best CPF regeneration efficiency moves forward. With the increase of EGR rate, the residual PM of CPF increased slightly by using single injection. The residual PM of CPF increased significantly with the increase of EGR rate when using post injection with later timing. Figure 12 (b) shows that the CPF pressure drop decreases the most with increase of the EGR rate at single injection. This is because the increase of EGR rate makes the exhaust temperature rise, which is benefiting for the regeneration of CPF and the reduction of pressure drop. Meanwhile, that further leads to reduction of CPF pressure drop. Figure 12c . NO 2 mass fraction. Figure 12d . NO 2 /NO X mass ratio.
From the figure 12 (c) and (d), when the EGR rate is 0, the effect of NO2 reduction at CPF outlet is significant by using post injection. When the EGR rate is relatively higher, the reducing effect of NO2 emission at CPF outlet is decreased by 285 using post injection. It means that the effect of increasing EGR rate on NO2 is reduced. The mass ratio of NO2/NOx is decreased after the use of the post injection. With the EGR rate increases, the post injection timing moves forward corresponding with the lowest mass ratio of NO2/NOx.
CONCLUSIONS
With delay of main injection timing, the regeneration rate of CPF increases gradually and amount of residual PM, pressure drop and NO2 of CPF outlet are reduced simultaneously. When the main injection timing is early, with the increase of EGR rate, the regeneration rate of CPF is decreased, and the residual PM increases significantly. When the main injection timing is late, with the increase of the EGR rate, the residual PM shows the trend of increase then decrease, pressure drop and NO2 emission of CPF outlet are both decrease.
The regeneration rate of CPF is increased by using post injection, and the residual PM and pressure drop are reduced as well. With delay of post injection timing, the residual PM and pressure drop of CPF are decreased then increased. With the increase of the EGR rate, the post injection timing moves forward corresponding with the optimal regeneration efficiency of CPF. The appropriate increase of amount of post injection is benefiting for CPF regeneration.
In single injection, the increase of EGR rate has little effect on CPF regeneration rate, but can significantly reduce CPF pressure drop and NO2 emission. When using relatively late of post injection, the regeneration rate of CPF is significantly reduced, the reducing effect of pressure drop and NO2 emission are decreased and the negative effect of the regeneration of CPF is increased with rise of EGR rate.
